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Electrostatic Filter for Flue Gases 

The invention relates to an electrostatic filter for a flue 
gas, for the exhaust gas of heating plants in particular. 

The increase in non-industrial heating plants, of oil-fired 
heating in particular, as well as the justified demands for 
maintaining the purity of the atmosphere also make it 
advisable to clean the exhaust gases originating from non- 
industrial heating plants. In order to be accepted, a 
precipitator suitable for this purpose must in particular be 
economical to acquire and to maintain. 

Electrostatic filters for the precipitation of incombustible 
and unburned solid and liquid particles from flue gases 
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produced during the combustion of solid, liquid and gaseous 
fuels are known in various embodiments. Known in particular 
are two-stage electrostatic filters operated at high 
voltage, which include a filter chamber having an inlet 
opening for the gas to be cleaned at the foot of the chamber 
and a discharge opening for the cleaned gas at the head of 
the chamber and several grounded, tubular precipitating 
electrodes situated in the chamber at a distance from one 
another extending in the flow direction of the gases and 
energized electrodes situated concentrically within them, 
which have corona discharge points at their open ends facing 
the inlet opening for the gas. In the non-homogeneous 
electrical corona field of the ionization zone of these 
filters, the solid and/or liquid particles contained in the 
gas to be purified have unipolar charges and are 
precipitated out of the gas in the homogeneous static field 
of the precipitation zone. 

The filters must be cleaned from time to time, meaning that 
the particles deposited on the precipitating eletrodes must 
be removed. In industrial plants, this is done by shaking or 
beating, using devices installed specifically for that 
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purpose or even by washing the falter. The known cleaning 
measures are too expensive for non-industrial use. In 
particular sticky residues from the combustion of liquid 
fuels can only be removed incompletely in this manner. In 
addition, the washing of such a filter raises wastewater 
problems . 

The object of the present invention is to create an 
electrostatic filter for the precipitation of solid and 
liquid particles from the exhaust gas of non-industrial 
heating plants in particular, the acquisition and 
maintenance costs of which are kept within reasonable limits 
and which are easy to service. 

According to the present invention, the objective is 
attained using an electrostatic filter which is made up of a 
filter chamber having an inlet, opening for the gas to be 
cleaned at the bottom of the chamber, an outlet opening for 
the cleaned gas at the top of the chamber, several grounded, 
tubular precipitating electrodes situated in the chamber at 
a distance from one another, extending in the flow direction 
of the gases, and energized electrodes situated 



309833/0668 



- 4 - 



2206057 



- 4 - 

concentrically within them, which have corona discharge 
points at their ends facing the inlet opening for the gas, 
characterized in that all energized electrodes positioned on 
a frame extending above the precipitating electrodes and 
suspended in the precipitating eletrodes can be removed 
jointly from the filter chamber after a hood sealing the 
filter chamber is lifted off. 

The possibility provided according to the present invention 
of removing the energized electrodes from the opened filter 
chamber makes it possible to clean both the energized 
electrodes and the precipitating eletrodes by hand, using 
brushes designed in an appropriate manner, i.e., with the 
least equipment expense, and in a more thorough manner than 
is possible with customary cleaning measures. The individual 
electrodes may be scrubbed in succession using a single 
brush; however, it is also possible to clean several 
electrodes, or the entire electrode bundle, if necessary, at 
once using appropriate brush sets. 

In another embodiment of the invention, the ends of the 
precipitating eletrodes facing the outlet are widened and 
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the widened ends of the precipitating eletrodes are in flush 
contact with one another, covering the intermediate spaces 
between them, and are enclosed by a sleeve, which screens 
the remaining space between the filter chamber wall and 
electrode bundle so that the all of the gas inevitably 
forced to flow through the precipitating eletrodes is 
subjected to cleaning. Advantageously, the precipitating 
eletrodes are expanded to form a hexagonally shaped bundle. 
This results in the greatest packing density of the 
electrodes and thus the optimal remaining flow cross- 
section. 

The function of the electrical conductor for the energized 
electrodes may be taken over by the common mounting for the 
electrodes supported on insulators situated in the filter 
chamber^ namely the frame and the crossbeams situated on it 
that support the electrodes. 

For safety reasons, a switch interrupting the electrical 
connection between the energized electrodes or the frame 
supporting the electrodes and the voltage source when the 
hood is lifted off can be assigned to the hood sealing the 
filter chamber. 
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In order for the abraded particles from the precipitating 
eletrodes to be removed from the filter chamber, the bottom 
of the filter chamber advantageously goes into a funnel 
having a slide gate, from which the abraded particles may be 
filled into paper bags, for example. 

The filter is situated between the smoke flue and the 
chimney. A. choke valve provided on the inlet side can be 
used to interrupt the entry of exhaust gas into the filter 
chamber and a choke valve provided on the, outlet side can be 
used to interrupt the effect of the chimney draft on the 
filter chamber. A rectifier provided for that purpose 
supplies the high- voltage required for the energized 
electrodes. 

The filter can be designed individually for the combustion 
systems for which it is provided. Even though the filter is 
provided preferably for non-industrial heating plants, this 
does not rule out its use in industrial plants in which flue 
gases to be cleaned arise. 



The invention will be explained in greater detail on the 
basis of the drawings, in which: 
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shows a vertical section through the filter, 

shows a section along Line II-II in Figure 1, 

shows the top view of a precipitating 
eletrode, 

shows a view of the corona-discharge points 
of an energized electrode, 

shows a brush head for the precipitating 
electrodes, 

shows a brush head for the energized 
electrodes. 

The filter includes a filter chamber 11, through which gas 
to be cleaned flows in the direction of the arrows drawn in 
Figure 2, the gas passing through annular zones 12 between 
the bundle of precipitating electrodes 13 situated in. the 
filter chamber 11 and energized electrodes 14 situated 
centrically in relation to precipitating electrodes 13. 
While passing corona discharge points 141 of energized 



Figure 1 
Figure 2 
Figure 3 

Figure 4 

Figure 5 

Figure 6 
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electrodes 14, the suspended matter present in the gas - 
solid and/or liquid particles as combustion products or 
residues from the incomplete combustion - have unipolar 
charges and the unipolar charged particles are then 
deposited onto the Inside wall 131 of precipitating eletrode 
13. 

* Iri order to maintain the effectiveness of the filter, it is 
necessary from time to time to clean the precipitating 
.eletrodes 13 in particular, to which the precipitated 
particles are deposited. To this end, energized electrodes 
14 are provided to be removable from filter chamber 11 and 
accordingly from precipitating eletrodes 13, which allows 
precipitating eletrodes 13 to be cleaned using brushes 
according to Figure 5 and energized electrodes 14 using 
brushes according to Figure 6. The removal of energized 
electrodes 14 from the filter chamber 11 is made possible in 
that the top part of the filter chamber 11 is designed as a 

^removable hood 111, and energized electrodes 14 are 
suspended together on a support construction consisting of a 
frame 16 and crossbeams 161 situated on it, which can be 
removed from the filter chamber 11 after the hood 111 is 

lifted off. 
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Energized electrodes 14 are connected directly to the 
voltage source, not shown, by conductive crossbeams 161 and 
a conductive frame 16, which is connected (17) to the 
voltage source For reasons of safety, care is taken that 
contacts 162, 171 are disconnected when the hood 111* is 
lifted off. 

The outlet-side hexagonal widening 132 of bundled 
precipitating eletrodes 13 and their enclosure by a sleeve 
18, which fills the open space between the filter-chamber 11 
122 and the bundle of electrodes, assures that the entire 
amount of gas entering annular spaces 12 flows between 
precipitating eletrodes 13 and energized electrodes 14. 

The deposit brushed off from the precipitating eletrodes 13 
is collected into a funnel 113 formed on the filter chamber 
11, from which it may be filled, for example, into paper 
bags. 
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Claims 



{3T] An electrostatic filter comprised of a filter chamber 
having an inlet opening for the gas to be cleaned at the 
bottom of the chamber and a discharge opening for the 
cleaned gas at the top of the chamber and several grounded, 
tubular precipitating eletrodes situated in the chamber at a 
distance from one another, extending in the flow direction 
of the gases and energized electrodes situated 
concentrically within them, which have corona discharge 
points at their ends facing the inlet opening for the gas- 
wherein all energized electrodes positioned on a frame 
extending above the precipitating eletrodes and suspended in 
the precipitating eletrodes can be removed jointly from the 
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filter chamber after a hood sealing the filter chamber is 
lifted off. 

2. An electrostatic filter according to Claim 1, 
wherein the ends of the precipitating eletrodes facing the 
outlet are widened and the widened ends of the precipitating 
eletrodes are in flush contact with one another, covering 
the intermediate spaces between them, and are enclosed by a 
sleeve, which screens the remaining space between the 
filter-chamber wall and the electrode, bundle. 

3. An electrostatic filter according to Claim 2, 
wherein the precipitating eletrodes are widened to form a 
hexagonally shaped bundle. 

4. An electrostatic filter according to Claims 1 through 3, 
wherein the frame provided over insulators situated in the 
filter chamber including the crossbeams supporting the 
energized electrodes and the crossbeams are the electrical 
conductors for the energized electrodes. 
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Blektrof liter fur Bauchgase 



Die BrfMoag betrlff t ^ Blekw ilter ^ 
insbesohdere ft das Abgas von Heizxxngeaalagen . 

Me 2anahoe von niohti^ustrtellen Heizu^anlagen, ins- 
besondere Ton Olhoi^^, eineraeits Wdie berechtig- 
ten Fordemngen nach Heinhaltung dor At*oaphare anderer- 
aeite legen ea nana, a «oh fOr eine Eeinlgung der von 
niohtindustrielienHei^angsanlagen herruhrenden Abgase 
m BOrg<m< ^ dafl * ^eigneter Abscheider ana, ^ 8loh 

GlnZUfUhren ' preis W ert in der A^chattfcng W 

Iji der ttaterhaltmig ee tn. 

JfUtfeomt.r flir ate *b 80 h 6 i 4llns Ton ^ iemhsrm ^ 

309833/0668 -z- 



der Yerbrennung von f eaten, ilfissigen una gasfdraigen 
Brennstof t en entstehendeii Bauohgasen Bind In verschie- 
denen Ausfubrungsfornen bekannt. Bekannt slnd Insbeson- 
dere zweistofige, mit Hochspannung betriebene-JBlektro- 
filter, bestehend aus einer Filterkammer mit einer Bin- 
trittsSffnung fur das zu reinigende Gas am PuB der Xam- 
mer und einer Austrittsgffnung far das gereinigte Gas 
am Kopf der Kammer und einer Mehrzahl von in der Kammer 
in Abstaud voneinander angeordneten, sich in StrSmungs- 
richtung des Gases erstreckenden, geerdeten, rohrfSrmi- 
gen Biedersohlagselektroden sowie konzentrisch darin an- 
geordneten spannungsfunrenden EXektroden, die an ihren 
freien, der Bintritts3ffnung fttr das Gas zugewandten En- 
den SprOhspitzen aufweisen. In inbomogenen elefctrischen 
Sprtthf eld der Ionisationszone dieser Pilter werden die 
i* isu relnigenden Gas enthaltenen t esten und/oder flusBi- 
gen Partikel unipolar auf geladen und im homogen statischen 
Peld der Abscheidungszone aus dem Gas niedergeschiagen. 

Die Pilter mttssen von Zeit zu Zeit gereinigt werden, das 
neifit die an den Niedersculagselektroden abgescbiedenen 
Partikel mttesen entf ernt werden. Bei iriudstriellen Anla- 
gen geschieht dies durch Bdtteln oder Klopfen mittels 



309833/flfifift 



2206057 



- 3 - 



elgens dafttr instailierter V 0 rrichtungen oder aber darch 
Waschen des Pilters. Pur den nichlrindustriellen Binsatz 
olnd die bekamrten BelnigungsmaBnahmen zu aufwendig. Ins- 
besondere klebende Bflokstande aus der Verbrenntmg flussi- 
ger Brennstoffe lassen sich auf dieseWeiee nur unroll- 
standig entfernen. J>as Vaschen einee eolc&en Pilters wirft 
zudem Abwaesearprobleme auf. 

Die der Brfindung zugrundeliegende Aufgabe let es, einen 
BleJctroXllter fur die AbScheidung von festen and fltisei- 
gen Partikeln aus dem Abgas insbesondere Ton nichtindustri- 
ellen Hel aungs aniageri zu s chaff en, deesen Anschaffungs- 
und miterhaltnagslcosten sich in vertretbaren Grenzen. hal- 
ten und der leioht" zu wart en 1st. 



Me Aufgabe "wird erfindungBgemaB mit einem EleJctrof liter 
gel&t, der ans einer Pllterkanwier mit einer Bintritts- 
8f fining fur das zu relnigende Gas am PuB der Kama er und 
einer Aostrittsoffnung fur das gerelnlgte Gas am Xopf der 
Karnoer und einer Mehrzahl von in der ICaainer la Abstand vpn- 
einander angeordneten, sloh In Stronungsriohtung des Gases 
erstrecfcenden, geerdeten, rohrfSroigen Hiederschlagselektro- 
den sowie Jconzentriscli darin angeordneten spannungsftthrenden 
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Elektroden, die an lfaren freien, der Binrtritt86ffnniig Hir 
das Gas sugewandtenEnden, Spruhapitsen aufweisen, bestebt 
and dadaroh gekennzeiohnet 1st, daS samtliohe spaninmgs- 
ffthrende Elektroden an einem eioh oberhalb der Hie der- 
dohlageelektroden erstreckenden Batmen hangend in den Hie- 
derschlagselektroden nach Abheben einer die Eilterkammer 
abschlieBenden Haube aus der Filterkammer gemeinsam ent- 
nehmbar angeordnet sind* 

Die erfinduugegemaB vorgesehene Moglictakeit der Entnehm- 
barkeit der spannungsfahrenden Elektroden aus der geoff- 
neten pilterkammer eroffnet die Moglictakeit, sowohl die 
spaanungsfuhrenden Elektroden ale aach die Hiederschlags- 
elektroden mit in entsprechender Veise ausgestalteten BOr- 
oten Ton Hand, also mit geringsteo apj>artivem Anfvand, su 
reinigen, raid war durchgreif ender als dies mit den ttbli- 
ohen Heinigungeraafinahmen mSglioh 1st. Dabei komien die ein- 
zelnen Elektroden naobeinander mit einer Einzelbareta durch- 
geptttzt werden, es kann aber auch eine Mehrzahl Von Elek- - 
troden, gegebenenfalls das ganse Blektrodenbttndel f mit ent- 
sprechenden BUrstensStsen aof .eixraal gereinigt warden* 

In weiterer. Ausgestaitung der B r findung liegen die an ibren 
austrittsseitigen Stirnseiten aufgeweiteten Hiedersohlags- 
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elektroden mit ihren aufgeweiteten Enden miter ttberdeckung 
der Z*d^ouenraume bttndig gegeneinander an und Bind von 
. elner den verbieibenden Baan BWlsplien Jilter3cammorwandung 
und Elektrodenbttndel abaohitinenden Manachetto eingefaflt, 
ao dafl das gesaate Gas wangeianfig die HiedersohlagiJelek- 
troden durohatrooend der Beinigung unterwo.rfen Wird. Zweck- 
maBigerweiae sind aie Eiederachlagaeiektroden unter Bll- 
dung elnes secfaseckigen Bunaea* aufgeweitet. Daraus resul- 
tiert die grbBte Paokungadichte der Elektroden und damit 
das Optimum an verbleibendea Strdmuugaqjuerschnitt. 



Die Funktion der elektriechen Leiter fur die apannungsfiih- 
renden Elektroden kann von der gemeinsamen, sioh auf in 
der Pilterfcaomer angeordneten Isolatoren absttttsenden Hal- 
• -terung fur die Elektroden, namlioh des Banmen und den da- 
ran angeordneten, die Elektroden tragenden JUrarersen, tiber- 
nommen werden* 

Ana Sicherheitagrunden kann der die Eilterkaamer absohlies- 
aenden HaUbe ein die elektriache Terbindung swischen den 
apannungafubrenden Elektroden. bzvr. dem die Elektroden tra- 
genden Babmeri und der Spannungsguelle beim Abfaeben der Hau- 
be unterbrecnender Schalter zugeordnet aein. 
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Da.lt 4 ar Airleb ^ ae n ., 1 aaeraoul^ 8el « Wroden me ^ 
Pttterka«,er eatfeoxt warden torn,, eeht dte M i t6lkaOMr 
bodeneelMg a.ecfcnaJHgarweiae 1„ ainen Blt 
veraohla, uber, aue 4eB aer ^ etw . ^ p ^ teMSoke 

gefawt vita. . . . . 

te " UW rtr4 "*"•«-» &»in angaorctaet. Hit 

einer eintrmaaemg TorgeBchenCT ^ ^ 

Abgaezatritt ta ale Stltarka^r anterbroohen „raen anl 
d«roh atna m8tr lttsseiti g vorgeaebanen Broaeamappa kaa » 
dte Binwirkang dee Ka.taaoges aaf dte Putetfc£ „„ er 
breahen warden. Die erforderXlcne Hoehspaenang Mr die 
ap^^arateendea Slettroaen Uefert eln ^ 
ner meichricht«r. 

«r die Terbrennanga^^ ^ 
die ar vorgeeeben lat. ndategbar. Venn aer puter a»h be- 

TOMU8t ^ Het^gaanUgea T „r geS ehe„ 

lat, oo aahllaat aaa aeinen Btoate bal Indnetrtellen tala _ 
gen, bat denen ra ralnigande Baaobgaae aaSUan, ai« ht auo . 

: We Brfiado^ ist an Hand der Zelohaoag weitergehend aria,- 
tert* Bs zeigen: 
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*igur 1 einen YertlkaLsohaitt durch den 

filter, 

Pignr 2 einen Schnitt nach. Liajie H - rf 

. In Pigur 1 , 



Pigur 3 



Pigur 4 



Pigar 5 



Pigur 6 



die Draufsieht auf einerHieder- 
eohlagselektrode, ' 

die AnBicht der Sprtthspitze einer 
spanrmng^jfiihrenden Elaktrode, 

einen Burstenkopf fur die Bieder- 
echlags elekt ro den , 

einen Bdrstenlcopf far die spannragB- 
fuhrenden Elektroden. 



Der Pilter besteh* aus der im Slime der in pignr 1 einge- 
seiohneten Pfeile von den, zu reinigenden Gas. darehetroaten 
PiXtericammer 11, wobei die Bingr&uae 12 fcwiechen dem in 
der Pilterkamaer 11 angeordneten B«ndel Piederschlageele^- 
troden 1 3 und den zentrisoh su den HiederechlageeleWroden 
13 angeordneten, epannongeftthrenden Blektroden 14 paaeiert 
warden, Bei* Paaeieren der SprHhapitsen 141 der apannunga. 
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ftthrenden Blektroden 14 werden die ira Gas befindlicuen 
Sohwebestoffe - feete und/oder flitesige Partikel als Ter- 
brennungsprodukte bsw. KtokstSnde aus der unroll stand i gen 
Verbrennung - unipolar aufgeladen und die unipolar anfge- 
ladenen Partlkel sodann an der Jimenwandung 131 der Hieder- 
sohlagselektrode 13 abgeschieden. 

POr die Arfreohterhaltang der Wirksaokeit dee Piiters 1st 
j| es erforderlich, insbesondere die ffiederechlagselektroden 
13, an denen eich ale abgescbiedenen Partial abseteen, von 
Zeit *u Zeit z « reinigen. Zu diesem Zweck ist elne Entnehm- 
barkeit der spajmungsfuhrenden Blektroden 14- aus der Jil- 
terkammer 11 und daniit aus den Biederscl^selefctrodeu 13 . 
vorgesehen, die es gestattet, die Hiederechi^selektroden 
U «itF BOrsten geaSB Plgur 5 und die spannungsfubrenden 
Blektroden 14 «it Bursten geoSfl Pigur 6 zu reinigen. Die 
Mogiiobkeit sur Entnahae der Bpannungefuhrenden Blektroden 
14 aue der Pilterkamaer 11 wird daduroh eroffnet, daB das 
Obertell der Pilterkaamer 11 ala abnehabare Haube 111 ausge- 
bildet ist, und die epannungsXuhrenden Blektroden 14 gemein- 
earn an einer aus einea Eahaen 16 und daran angeordneten Sra- 
-Yersen 161 besteKenden fragerkonstruktion aufgehangt sind, 
die naoh Ibheben.der Haube 111 aus der Pilterkaaoer 11 ent- 
nehabar ist. 
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Me ^sflta^ 14 sina .« dor nloht 

da^eateUten Spa^e^ille dar<jh ^ ^ 

IraT0r8en 161 taW*—. an at, Sprammg8 _ 
queUe angeaohiosaenea (1 7 , t6 Tertaadea . ^ . 

wird. 

^ BleaeMC ' *««**— 13 uaa tare ^aaa^ 
^ Ble »«a««^eX aeeXBUenae Haaaohette » ^ 

;7 r - aaB 483 *»■«• «*— p« t, 

l" '« *« ^de^ee^- 

r 7 "•^^ 13 a^tef B.^ : 
aaimelt stoh to den an aio wu 

ter 1,3 „ , «»•*—« 11 aagefomten Jrtoh- 

113. ma aeo aer etwa ta Pa p teMfck , aMauW ^ 
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AnsprUc he 



) BIekt MflKer , beatelleDa elaer 

— M -nor in.******^ 4as geretn%te Gaa • - 
Ko,f aer. K»«r «»a eteer HetasaU. TOn m 4er 1> 

AbBta ' d TODelDaBder aageoraneteu, etch to Str&.o.gsrtch- 
*™g *e 9 Gaseo erateeckeaaan, ga.rdeten, rotef8r , lg<m Hle _ 
a^Ugael^a^ eovie koaseat^ darln mgeoMn . 
■ ap-amagsftk^ae* die „ freteni . 

.ratreekenaea Bah^n ■^.j.ta »Ua,xachia SS8l ektr6- 



2206057 



-Jt - 

-den riach Abheben eirter die Pilterk annex abs chile Ben- 
den Hattbe aus der P ilterkammer geoeiiisam entaehmbar 
. angeordnet siad. 

* 

2. Blettrof liter nach Anspxuch 1, dadurch gakennzeiohnet, 

daB die an Ihreh aaetrittsaeitigen Stiraseiten aufgeweite- 
ten Hied era chlagsel ektro den ait ihren aufgeweiteten End en 
ratter Uberdecfctmg der ZwischfcnraiiHie bfindig gegeneinander 
anliegen tmd iron einer den v^erbleibenden Eaara zwischen 
Pilterfcammerwandtmg tmd mektrodenbUMel abschirmenden 
Manschette eLngefaflt sind, 

- • 

3. - Blefctrofilter nach Jinsprueh 2* daddrbh- gekennzeichnet, 

daB die Biederachlagselefctroden tmt'er Bildung allies sechs- 
eckigen Bundea aufgeweitet stnd* - 

4* Blektrof liter nach den Anspriiehen 1 bis 3 f dadurch gekejon-. 
zeiohnet, daB der sich «ber in der Piltericammer sngeordne- 
te Isolator en abstutzende^ ©it die apanntmgafuhrenden Elek- 
troden tragenden Iraversen vereehene Bahmen raid die Irarer^ 
sen aie eleklrriLechen Leiter Ittr die ep annungeliiteeriden 
Elektroden sind* 



. * - - 3 - 

*\ r\ a *\ -*\ g *\ 
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5. BlektrofiWer Bach am Jtoaprtoton 1 bis 4, daduroh ge- 
te^eiofanet, dafl der ihrtl^ 
Haabe ein die elefctriaohe Yerbl^^ wlfeohen den ^ 
. nungeftthrendan. BXektrbden tew. dan, die Elektroden tra- 
gcndea fiahmen der Spaimungequelle bairn Abbe ben dar 
Hauba tmterbrecheader Sohalter sugeordnet iat. 

'* BXet * TOfi1 ^ ^oh den itoaprdchen 1 bis 5, dadarch ge- 
kennseichnet, dafl die PiWerJcaamer bodeneeitig in einen 
Triohter «it SchiaberreraohluB fibergeht. 



1 



Lee 



rs 



eite 



♦ 



Z 



2206057 




309833/066* 



is 

2206057 




) 

309S33/0668 




I 
f 





309833/0668 



THIS PAGE BLANK OJSPTn* 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

0 LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ] 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (imo> 



